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Title + Study of Porous Structure of Solid Bodies by Sorption Methods. 
I. Analysis of Various Methods of. Computation of Pore Volume . 
Distribution. II. Comparison of Various Methods of Distribu- 
tion Computation according to Volumetric Dimensions and Sur~ 
face of Pores of Sorbents. with Typical Experimental Material. 
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Abstract : I. Various methods of computation of the distribution of the 

volume and surface of pores in accordance to their dimensions 
in case of porous sorbents were compared on the basis o? ex. 
perimental isotherms of vapor sorption. It is shown that the 
methods based on the theory of capillary condensation (C(:): and 
on considering adjustments for vapor adsorption practically 
differ very little one from another. The change in the sur- 
face 8, of a cylindrical pore with the increase of the layer 
thickness is not taken into consideration in the lst variation 
of Dubinin's method, and in the 2nd variation it is taker — 
into consideration approximately but simply; the adjustments 

ih the volume Vg, and for 1 in the methods 1 and 2 are intro- 
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. duced on the basis of the experimental adsorption isothern He Ble iol i 
of the selected vapor on a non-porous adsorbent of the same ; : : 
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- of the rise of adsorption potentials in fine vores Cae “h a re 

8nd that in case of apolar AC-s, where 4 is still. greater ee “ae 
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.. On the Adsorption-Properties of the Carbon-Adsorbents.. §2-58-5-2/27 | 
Communication 2; Investigation of the ‘Adsorption-Properties of Active Coals 


by Benezene-and Nitrogen-Vapors 


(of the vapors) with the surface of the active coals, The - 

- coefficient of affinity of the characteristic nitrogen-curves 
was calculated, The fundamental causes of the difference of: 
the adsorption-volumina of nitrogen and benzene’ for the points 
of the beginning of the hysteresis of the isothermal lines | 
of adsorption were analysed. More rational methods of volune- 
~determination of the micro-ang tranait-pores (perekhodnyye 
Pory) of active coalg Were described and substantiated. The - 
problem of the selection of a standardized vapor for the | 
characteristic of the adsorption-properties of active adals 
was discussed. There are 4 figures, 6 tables and 21 referencas, 
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noticeably as the elementary arystal cell parameter imertease 4. Experimental. 
data on the equilibrium adsorption of water Pr Nad orystallire zeolites at $0-100C 
and equilibrium relative pressu reg of ant07! -axt gvt fully confirm she pitantitl 
theory of adsorption. Approximately 24 water molecules we €@ adsorbed In a 
major celi of the type A zeolite. Based on its geometry, 2 TF ior cavity could 
- contain 2-3 water molecules, but based on experimental data, ndsorption af 
| water in previously dehydrated. crystals of Nad. yeolite taluts place only im the 
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(Krasnyy profintern Plant). 

' vyssheye tekhnicheskoy uchilishche (Moscow School of Higher 

-Baucation) K. ‘¥. Chmutov in surface phenomena. 

ye A. Shilov asked Chmutov to participate. in his studies. K.. Ve Chmutov 
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_ was teaching at the Woscow School 0 
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systems) for a doctor's degree. After 2 short time he became & professor. a 
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.. ‘Sciences AS USSR). In this laboratory, physic o-chemical properties of the : 
ion exchange of sorbents are studied, chromatographio proceases- simulated, | 
and the requirements for producing chromatograms of nonequilibrium working | 
conditions of the ion exchange column are investigated. In the field of | _ ; 
producing spectrally pure salts, a new adsorption complex-formine method — 
for the separation of metals mey be introduced. The folowing monographs : i 
-were published by K, V. Chmutov: "Tekhnika fiziko-khimicheskogo eksperi- : . 
menta" (Technique of the Physico-chemical experiment), (rd edition 1954);  W - 
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TLE: Investigation of the adsorption propert f sont be , 
TI pore structures of adsorbents having “he affect of miaro-. med 
filters. Communication 4, Granulated synthetic zeolites rr 
of the A-type : fai Pes eee eo ee ga tas 
- PERIODICAL:  Akademiya nauk SSSR. Izvestiya. Cidtieniye khimioheskikch 
2 eh es Sn, nauk, no. 8, 1961, 1387-1395 le ee a 
TEXT: ‘The authors investigated the adsorption properties, the secondary te _. 
- pore structures of the grains and their apparent and gravimetris denad ty- eee ; 
Granulated A-type zeolites obtained by Soviet axlansist at the taginning a | 
of studies.in the field of zeolite synthesis, wera inves’ tigated. A number | 
of specimens by Ya. V. Mirskiy (Mr) were used, during bh production of oe | 
which the pressure was’ repeatedly ohang?d, and ong specimen BY rg i | 
B, A. Lipkind (Lp). The designation of the samples ta anapoaad of the 
‘abbreviated name of the producer and the specimen rich ar mi ven by him. ; 
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mo the sodium form (NaA) belonged: 
Linde 4A (II). 


Mr-372, Mr-380, Linde 5A (I) and Linde 5A (II). 
and desorption of benzene vapors were datermined 
The specific method for experiments with gaotites was praviously © 
Izv. AN SSSR; Od. khim. tie, 1964, 

lly the:sams character ag those. ° 
ev and V. iM: Lukiyanovioh. 005 oS 


“vacuum. 
described by M. M. Dubinin (Ref. 5: 
150). ‘The isotherms determined had genera 


mentioned by tha authora, You As Leontty ' Ree g 
Inv. AN SSSR... Otd. khim. no, 1961, $06}. Adacrpaton tadtherws 


(Ref. 2: 


Mr-296,. Lp-202i, 
To the calcium form (CaA) belonged: M?-297, Mr-347, 


Sande 44 (1), 2) foe! 
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by sorption acales inj |. 


of water vapors were measured by sorpticn scales {in vacuum for dirdat : 


comparison of. the adsorption properties of granulated, 
The secondary pore 9 
investigated by pressing in mercury, and according. to 
Mercury porometry makes it possible to determina tha digtri 
pore volumina according to their effective radii in the range of 


dehydrated zeolites. 
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Investigation of. the adsorption... B117/B2'06 oe 
of substances, for which the pore structure of zaolite srystals (primary . 
porosity) is inaccessible, sorption volumina or the’ summary pore volumina 
with effective radii below 100 &. might. easily be found. From thes® data — 
‘the total-volume of the secondary pore structure may bt. aalculated,.- In. ; | 
experiments with meroury, low- and high-pressure pore meters were ugead . 
(Ref. 4: M. M. Dubinin, A. I. Sarakhov and G. A. Ryabikdy, Zh, fig, oo: IN | 
khimii 32, 1404, (1958); Ref. 5: Me M. Dubinin, MoM. Vishsyakova,:.. - 
Ye. G. Zhukovskaya, Ye. A. Leonttyev, V. M. Luk'yanovich, A. T. Sarakhov, 
Zh. fiz. khimii 34, 2019 (1960)). Zeolite grains which were tn eqnilibrium | 
with the air humidity were applied. ‘The main charanterigsie¢s of tha 
secondary pore structure of zeolite grains are listed in Table 3. Table 4 
_ contains information on the volums of the secondary pere stricture, , When 
. applying zeolite grains in practice, it ts not: the aksorpiive. power of tha 
unit of mass of the grains which is of vital importance, but the unit of 
volume of the grain layer. Therefore, the correlation mush be e3tablished 
. : between adsorption properties as well ag apparent density of the zeolite 
granules and the volume of their secondary. pore stracture. This problem 
may be solved if composition of zeolite graics and volume of the seoondary 
pores are known from experimental data. The salsulated ard sxperimental | 
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characteristic features of A-type zeolite grains ara scapared with each: 
other in Table 5. The values for the apparent grain density agrse well: in | 
general. The deviations amount to a maximum of 23%; The calcnlatad and ot 
experimental. maximum adsorption Voluma' for watar ara aintlar fer Nad grains. - 
. For most of the CaA grains of Soviet and American ¢rigin. tha aaxinum — | 
adsorption voluma are below the values calsulated from the “orystal ‘content, 
A part of the highly disperse zeolite crystals, te¢.i2 Cad gains, fa | 
obviously excluded from the adsorption process for yet anclavified reasong. 
The latter are being investigated at present, Phe chomparisen af tha fb 
granulated A-type zeolites synthatizad by Soviet solentiots with : ; 
corresponding American specimens showed thas with raspert! to Shed i! 
adsorption properties they are only identioal at ina surface of secondary 
pores. This concerns the accessibility of the pore stristure of the 
actual zeolite crystals for the adsorbable molecules, a3 wall as the 
adsorption of bigger molecules. The zaclite grains investigatad show - ‘ 
strongly differential volumina of the seoondary pore at:rasture. That is 
the main reason for the fact that the apparent and ‘gravimetris density and 
thus the adsorption properties of granulated zeolites are different for: 
the units of volume of the grain layers. The authors thank B. A. Lipkind 
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Investigation of ‘the ‘adaorption... ue ee ee + ; 

ee oo Mirokd for ' supplying aoesane aoa experimental data on’ 

eae "denaities of ae ‘There are 2 ‘figures; > tables,. rh ie 
“| veferences: 5 Soviet-bloo' and 2. ‘non-Soviet=bloc. The two. referenced: a 

- to English-language publications read as ‘follows: D. W. Breck, 

We Ge ereay | R. MW. Milton, T. B. Read, T. bL.. Thomas, J. Amer. Che 

© Goo. 78, 5963 ey R. Me Barrer, W. Me Moder, Trans. Penalty, Bod. 


1072. (1958) «, 


| yesscnitrods: Institut fieicheskoy khimii’ Sakad oud nail: “sasR | (Iastttate, 
(8, Physdoal Shami aleys. AS Suey fee ee 


' 


SUBMITTED: . Decenber 1 12, 1960, 
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So AUTHORS + SS abindn Me uss “Yishnyakova, M. Mey Zaverina, Ye. 5 eee ee 
oe hoe -  Shukovskaya, Ye. G., meentiuy) Ya. A.j: jfile yatioviob,. ¥ Yu Mey 
: and Sarakhovs Ae qe : 
eae 3 2) ea Study of: adsorption properties. and: structure. of ; sadondaey. 
ee pores of adsorbents having: the effect. of moldoular sieves.) | 
joes ' Report. 1. Industrial. samples of synthetic neclites a 


: ‘PERIODICAL Izvestiya Akademii nauk SSSR. “Otdeleniye rhintoneokikh 
ee 3 nauk, no. 3, 19644 396-406. are 


. it 
et : 


Exe: the authors studied some peculiarities of the: ddsorgtioa propprties pf 
“of typical industrial samples of synthetic zeolites and thd structure: of : 
their: secondary pores. They used industrial samples. fron molecular sieves —_ 

designed by Linde 4A (designated by MC- 4A (MS~ on and 54.(designated by . 
MC-5A (MS-5A)) in the form of 4-8 mm long grains with an average diameter 
‘of V3.2 mm. Sorption isotherms and, in some cases, ‘desorption isotherms 
-of nitrogen vapors at -1959C, and water, benzene, and cyclohexane vapors . 
at 20°C were determined. A similar apparatus as that. denoribed in Ref. 2 


Gard 1 
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a . - oe ok a . _Soseenfoonsfonen> 
Study of adsorption propertioese, a RANT (E20 


au 


(Bi: Pe Bering, M. M. Dubinin, Yeu G. Gute coabayay: A. th ‘Sarahov, ‘ena 
V. V. Serpinskiy, Zh. fiz. khimii 31, 712, 1957) was applied. To study 
the structure of secondary. pores of MS-4A and MS-5A greins,: low- and high-- : 
pressure porosimeters were used. The latter was a redosignad device of. 
the. NA-4 (PA. 4) type (Ref. 5: 1. G. Plachenov, V. A. Aleksindrov, and. 
G. M.: Belotserkovskiy, Metody issledovaniya struktury opr a Mera 1 
peristykh tel, Izd. AN SSSR, M., 1953, str. 59). For the electron- 9 |: 
microscopic axanination: of the structure of secondary pores, the method of 
single-stage carbon replicas was used. The pictures of carbon replicas of. 
MS-4A and MS-5A taken by means of an Y3M-100 (UEM-100): electron microscope . 
_ Showed no marked differences. A thorough analysis of stereophotographs  - 
indicates that there was no dense packing of the zeolite crystals in the 
‘grains. There are interstices of the order of magnitude of: small crystals, 
- 4.@., some tenths of a micron or some thousandths of an angi trom, Strong! 
3 --- enlargements show that the crystal surface is not amorphous. The studies | a 
of MS-4A and MS-5A disclosed that the potential adsorption theory could be m7 
applied to them. As the authors had not obtained any experimental data, - a 
they used the results obtained by N. V. Kel'tsev, for water vapor at ‘20° . , 
and 60°C and at equilibrium pressures p = 1 and 25 mm He, which had heen 
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“ade ‘available. to: “thems © ‘phe measured ‘values ‘of: Or deviate! pes 
“the calculated values. by.3.% at.most. JEq.. (1) expresses ‘the: Seaperature 
 fependonce, of: the adgorption 4 tater peer ee bh 


= ‘Tama ting’ volume. ar the: el on ‘space, which, Fe seaatied (ter ihe volume 
“of .the micropores. ‘of. the adsorbent; B-= constant dependent : on the. ae ak: 
dimensions‘ ‘ofthe micropores, which determine the increase of. the adorp-— 
‘tion potentials; B = affinity. factor of the characteristic: ‘Lines; HE AG 
“yi m= volume of) 1 mM. of the..vapor liquefied at. the experinental temperatura 
ees When considering: the structure of the secondary pores, it was found), a 
_ that. it may be quantitatively. described by the. Sorption and moreury |: 
‘methods of measuring the pores. The oharacteristics obtained for the | 

‘pore structure of MS-4A and MS-5A are given in Table 4. There’ are’. Ber | 

“9 figures, . 1 Arai and: A%: references! ale Sauneest es, and” 1 non-Soviet~ 


"assocrArTOn Inatitut Fisichsakay him Akadenid talk ggen (Inet ute, of 
: “Physical: Shenley Aoadeny of Soiences USA) 
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"—DUBININ, M.M.; VISHNYAKOVA, M.M.¢ ZHUKOVSKAYA, Yo.G.; mow", Yorks 
UK! YAHOVICH, VMs SARAKHOV, Al. 
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Study of the porous. ‘ gtenature of solids by solitdon! westiodds ee 
Part 5: Use of different mathods in the study: of the : structure of 
the intermediate pores and macropores of activated carbons. 
Zhur.fis.khim, 34 no.9%2019-2029 § 160. . “AuTRA 13: 9). 
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